The subject of this work was to examine differences in chemical composition of sliced and whole stick Nitran salamis, purchased from various manufacturers. Nitran salamis are traditional dry fermented meat products of Slovak origin. Taking into account variations in raw materials, production process and potential adulteration, differences in chemical composition within one brand of salami from different manufacturers might be expected. Ten salamis were determined for basic chemical composition attributes and Principal Component Analysis was applied on data matrix to identify anomalous ones. It has been shown that six attributes, namely: protein without collagen of total protein, total protein, total meat, total fat, collagen of total protein and NaCl, were the most important for salamis as first two Principal Components together explained 70.16% of variance among them. Nitran D was found to be the most anomalous salami, as had the lowest value of protein without collagen of total protein (14.14% ±0.26%), total protein (17.42% ±0.44%), total meat (120.29% ±0.98%) and the highest one of total fat (50.85% ±0.95%), collagen of total protein (18.83% ±0.50%) and NaCl (9.55% ±1.93%), when compared to its whole stick variant Nitran C and other samples. In addition to collagen of total protein content, Nitran D together with Nitran A, F and H did not satisfied the legislatively determined criterion, which is ≤16%. This suggested that extra connective tissues were added to intermediate products, which resulted in high variability and inferior quality of final products. It is a common practice in the meat industry to increase the protein content or water binding properties of meat products.
INTRODUCTION
Salamis are dry fermented meat products that are popular across most of European countries (Fabbri and Cevoli, 2015) . Such countries or their geographic regions produce characteristic salamis trough traditional manufacturing processes. In brief, meat (pork and beef) and fat are minced and mixed with salt, curing agents (nitrate and nitrite), spices, herbs, sugar, starter cultures and other additives such as non-meat proteins After ripening, when the desired characteristics are reached, the product can leave the ripening room and is ready to be placed in market (Fongaro et al., 2015). However, the physical and biochemical activities inside the salamis are not stopped at this phase and proceed at a rate depending on several factors, mainly temperature. In particular, further water lost can be avoided by using of modified packaging atmosphere (Tabanelli et al., 2013). Taking into account variations in raw materials, production process and potential adulteration, differences in chemical composition within one brand of salami from different manufacturers might be expected.
The subject of study was to identify the differences in chemical composition of traditional Slovak Nitran salamis in relation to the manufacturer and variant (i.e. either whole sticks or slices packaged in modified atmosphere) using Principal Component Analysis (PCA).
The 
Chemical analysis
Analysis of chemical composition was accomplished at Department of Food Hygiene and Safety, SUA, Nitra, Slovakia. Determined attributes were as follows: the content of water (W), ash (A) and NaCl according to ISO 1442 :1997 , ISO 937:1998 and ISO 1841 -1:1996 
Statistical analysis
The means and SDs of numeric data were computed using Microsoft Office Excel 2010. The PCA analysis was then performed on mean values of numeric data for 9 attributes (without H) using the TANAGRA 1.4.50 software. In order to enchance the interpretation of principal components (PCs), both the CTR coefficients (contributions of points to dimensions) and the correlation coefficients among attributes were calculated within the PCA. The results of the PCA analysis are presented in Table 4 . Four PCs were extracted that accounted for 96.76% of the total variation. The first 3 of these PCs explain together 87.40% of total variation. In other words, these PCs are the most important, because 87.40% of total variance for Nitran salamis, in the 9 considered attributes, can be condensed into three new attributes (PCs variation is explained by the first two PCs with measurements using number of parameters including fat, protein and water content. Table 5 shows that all attributes of salamis had similar proportion (correlation value) in the 1 st PC except for C, W and A. After P-CTP, the most important attributes for the 1 st PC were TP, TM, TF, CTP and NaCl. So, the 1 st PC is mainly defined by these attributes, while the 2 nd one is mainly described by C, TF, TM and W. The 3 rd PC the best describes differences in TF, CTP, W and C among the samples. The 4 th PC is predominantly defined by A, as that had little importance in the previous PCs. Ultimately, the last 5 th PC explains the smallest proportional variance among attributes. Figure 1 , Figure 2 and Figure 3 display the correlation scatterplot of attributes on first four PCs. The attributes are interpreted according to the correlations among each other (Table 3 ) and each PC (Table 5) . Thus, attributes close to each other are positively correlated, attributes separated 180° are negatively correlated, whereas if they are separated by 90° they are independent.
RESULTS AND DISCUSSION
The Figure 1 displays that P-CTP is the most positively correlated with TP and TM. On the other hand, this attribute group is negatively correlated with TF, CTP and NaCl, which are, by contrary, positively correlated to each other. The 2 nd PC is the best characterized by C and W because they are placed farthest from its origin. The 3 rd PC shows that TF is in the highest negative correlation with C ( Figure 2 ). The Figure 3 indicates the independence of A from other attributes.
The most valuable asset of the CTR coefficients (Table  6 ) to the PCA consists in their utility, when finding the samples that contributed to the particular PC markedly is needed, i.e. to uncover the anomalous parameters of the samples in which they differ in each other (Table 5 ). According to the CTR coefficients for 1 st PC it can be noted that variance in P-CTP, TP, TM, TF, CTP and NaCl is mainly given by opposition between Nitran D (CTR = 66.15) and remaining samples of Nitran salamis (CTR <16.00) ( Table 6 ). Numeric data confirm this, as Nitran D had the lowest content of P-CTP, TP and TM (14.14%, 17.42% and 120.29%, respectively) and the highest one of TF, CTP and NaCl (50.85%, 18.83% and 9.55%, respectively).
Collagen content is used as an index of the quality for fermented and dried meat products (da Silva et al., 2015) . However, the total content is limited by regulatory agencies ( The positions of labels on the loading plot also correspond with this observation (Figure 4) . Nitran E, C, H and A are clustered together on the right side of the scatterpplot, because of similarities in attributes explained by 1 st PC. However, Nitran D, due to its unlikeness, is separated from other salamis, on the left opposite side of the scatterplot.
The CTR coefficients indicated that Nitran H, J, I and C also marcantly contributed to variance in C, TF, TM and W, described by 2 nd PC. Nitran H and A were those with the highest amount of C (4.08% and 4.16%, respectively), whereas Nitran C contained the lowest one (2.48%). But in turn, Nitran H and J had the lowest content of W (22.80% and 23.29%, respectively) and the highest one of TF (49.79% and 47.95%, respectively). Salami is one of the meat products that contain high fat content, usually up to 30% (Pramualkijja et al., 2015) .
The CTR values for 3 rd PC showed that Nitran A was the poorest in TF (36.62%), but on the other hand the richest in C and CTP (4.16% and 17.94%, respectively) ( Figure  5) .
Nitran H, A, J and B contributed to variance in A, which was explained by 4 th PC. Nitran H and B belonged to the group of low content of A, while Nitran A and J belonged to that one with the highest one (5.32% and 5.45%, respectively) ( Figure 6 ). 
CONCLUSION
It can be concluded that the PCA has shown how chemical attributes of salamis are grouped in the independent sets. In both the 1 st and the 2 nd PCs, the P-CTP, TP, TM, TF, CTP and NaCl attributes had the highest loadings. In other words, these attributes explained the large part of observed variation in chemical composition among Nitran salamis, which make these attributes as a main predictor of salamis quality. The most distinct differences in these attributes were observed within a pair of Nitran salamis from manufacturer 2 (Nitran C and D). The sliced variant (Nitran D) had the lowest value of TP-associated attributes and the highest ones of TF, CTP and NaCl, even within all the salamis. Besides Nitran D, Nitran A, F and H also did not satisfy CTP content specified in the Decree of MASR and MHSR no. 1895/2004-100 , which might indicate extra addition of connective tissue. The CTP content of Nitran B, C, E, G, I and J was in accordance with the decree, whereas Nitran C was that sample with the lowest one (10.74%). Some differences in other attributes were also observed within and among the all couples of salamis, which confirmed the uniqueness of each one. These differences were notable, but not so relevant compared to those described by 
